Studios on the
A simplified procedure is described for the preparation of cryst~lline bacteriochlorophyll from R. rubru~. The chemical dehydroGona tion of bacteriochlorophyll vIi th quinones is shown to give hiGh yields of 2-desvinyl-2-acetyl-chlorophyll~l whereas the photooxidation of bacteriochlorophyll results in a mixture of products of which 2-desvinyl-2-acetyl-chlorophyll a is only a minor constituent.
A nuuber of interesting results have boen observed spectro9hotomotrically during these oxidations under di:ierent reaction conditions. These observations are discussed and~ossible reaction mechanisms are outlined.
The proton magnetic resona~ce spectru~of 2-desvi~j~-2-cicetylchlorophyll~in deuteroaceto~e and the visible absorptior. spectra of this piGment and its magnesiul.l~fro8 derivative in acetone a:::-c reported, As expected, these 3poctra exhibit a marked resemblance to chloro~};~yll~and pheophytin .:.::.'
In t.roc:'uc tion
Host of the recent rosearch into tho structuroa and physical <indo chc~ical properties of photosynthetic~is~ents hus been limit~d to chlorophyll~and~, whereas bacteriochlorophyll,owinG to its instability in organic solution, has largely been neglected. The dOGrce 0: and, il1 particular, tho dehyci~cG0natic~of the tetrahydropor?~y~in to a cihydroporphyrin or chlorin.
There have been reports that durinG the chromato~raphic purification of crude extracts of bacteriochlorophyll from photosynthe~ic~~ctcria a minor band of a green pigment appears on the column. 5 'T'h..:.: o:-igir. and structure of this.pigment have not been conclusively proved, bUi: th..:.:
evidence available suggests that it is probably 2-dosvinyl-2-acetylchlorophyll £' formed possibly by photo-oxidation of bactcriochloro~;~yll in solution during the purification procedure. In confir~a~icn of tl'~s l' 3 -conclusion, both chemical and~ho~o-oAidcttion of c~ct~~ioch:oro?hyll solutions have been reported to ZiV0 <:;. ere-en chloro~,:'lyll-li;~<:: pii:;;:..::n-::
with an absorption spectrum si~ilar to that of the chroffi~tocruptic impurity.5,6
Results from a recent investigation on the celec~ive chemical oxidative blaaching of bacteriochlorophyll in R. rub rum chro~atophores indicated that a green chloropb,yll-lil-:c pigment was forr;;ed \'Jhic;', whon extracted into orGanic solution had spectral properties appar~ntly not identical to any previously r..:;,orted ;i':";;,":::1·';. 7 0:')-;0 sirr:il.:lri t } of the absorption spec trw7l of this product to tho. t of the ':';::-00n pi [:;;:-:", t ;;0;3-cribed earlier warranted a further investigation into~he che~ical and photochemical oxidation 0: bacteriochlorophyll solu~ions and the structure of the green pi~len~produced.
Exncrimental
The solvents acetone and ether ,Jere Baker and Adamson reagent grade, and were used without further purification. Commercial 2,3-dichloro-5,6-dicyanoquinone, £-chloranil, E-chloranil and E-oenzoquinone were purified either by recrystallization from benzene 0::' by sublimation.
Polyethylene used for chromatography was of a 10vl melt ind.::x V.::. pheophytin is recorded with the chlorophyll in FiGure 1 and the spectral data of the magnesium-free derivative are described below 
. , : 
only light of wavelength) 700 mf reached the solution 0-;" oac-;:.eri.ochlorophyll.
The extent of photo-oxidation of bacteriochlorophyll and production of tho oxidized green pi~ent in the reaction mixture was measured spectrophotometrically. The intensity of the light in the Cary 14R
spectrophotometer was found to be too low to induce photo-oxidation at a measurable rate. Thus errors that miGht have ari~en from photooxidation during spectroscopic measurements could be neglected.
Results
Part I. Photo-oxidation Storage of Bacteriochloronhyll. Crystalline bacteriochlorophyll kept in the dGrk was found to to stable for more than six mon~h~, \vhile acetone solutions of~h8 pis~ent were unchangei after two~ecks in tho dark. No precautions were taken to degas or removo oxygen from the samples.
Illumination in the PrcsQnc~an~Absence of Air. A decaGs~d c solution of bacteriochlorophyll in acetone (2.8 x 10-.,1 lIo) VI;:;"S ill1.lmi;"lated using the method described above. Spectrophotometric oxa~lnc:..~lon after two hours shoVled that the bacteriochlorophyll was not meas1.lrably destroyed t nor was any of tho oxidized piGment formed. Air Ha~thon admitted into the cuvette, anci after ·ten minutes illumination the bacteriochlorophyll was more than 70~destroyed and some 0: t:1C green oxidized pigment was formed.
Photo-oxida t:Lon of BacteriochloroDhyll in the j'rcsen;:;c 0:
illuminated in a cuvette in the absence and presence of equi~olar and excess E.-benzoquinone (7.7 x 10- ;"3 probc"bly tne instability of the l?-be::zoc;,uinone in GOl.u tion.
Nuclear Vtagnetic Resonnnce S~udics. Spectra of the sampl,,:::;
\-Jcro recorded in the absence of oxygen using chlorophyll piC:;Jcnts (15-20 mg) o.i3s01'led in fully deu t.era ted acetone (400 rI) with t~tramethylsilane as an internal standard. The NVtR 6pcc~rurn of oxidized bacteriochlorophyll is recorded ( Figure 7 ) and thc major peaks are assigned to the proposed structure: 2-desvinyl-2-acctylchlorophyll a (Table IV) .
(~ote to editor) Place structure of 2-desvinyl-2-acetyl-chlorophyll n at this point.
'l'ablo IV. Chemical Shifts cps from TMS = 0 for 2-desvinyl-2-acetylchlorophyll a Proton Assignment 0<.. The three methine protons cannot be unambiguously assigned, but by comparison with the reported spectra of chlorophyll~and~l3 the two peaks at 598 and 587 cps are probably the~and r protons. The IX :
resonance would be expected to occur at lower field than the p , since the acetyl group in the 2-position should give rise to considerable doshioldinz of the former but the effect should be negligible on tho that quoted for chlorophyll a by 5 cps, and this effect miGht \'Icll arise from the deshieldin{';-of the carbonyl of the 3.coty1 Group on C 2 " By elimination, the acetyl methyl resonance 1lrises at 191 cps, 11 cps e.O''';;'".
field from the value found for this methyl resonance in bacteriochlorOiJhyll -14 -(180 cps) .14 The possible caUi;;e for this shift davin field is the increaccd rcsonance in 2-dosvinyl-2-acctyl-chlorophyll~over bacteriochlorophyll resulting in a grea~cr deshiolding of the methyl protons on the acetyl group of the former.
The remaining three large resonances can be assiGned with n high degree of certainty. The multiplets at 07 cps and the quintet at 120 cps arise from the aliphatic methylene groups of the phytyl chain and the proton in the solvent impurity pentadeuteroncetone, respectively. The broad peak at 161 cps is assigned to trace;; of water associated with the pigment. Confirm:ltion for this last assignment comes from two pieces of work: first, trace quantities of water added to the solvent hexadeuteroacetone cause a broad multiplet at 163 cps; and secondly, the results from a study on the temperature dependence of the NMR spectrum of bacteriochlorophyll showed~hat the only resonance to give an appreciable shift with temperature was a multiplet at 154 cps at 40°and which shifted down field to 104 cps I a at -~5. Thus this resonance is considered to be duo to the water of crystallization of bacteriochlorophyll.1 5
Discussic~l
The or~ginal purpose of this research was to prepare the green oxidation product of bacteriochlorophyll reported by previous worker;::;, nd to elucidate its chemical structure. However, several interesting ooservations ar06e while trying to determine the optimum conditions for the oxidation. The conclusion from these observati.ons and others regarding tho structure of the oxidized pigment are discussed below. These results show that the rate of photo-oxidation of bacteriochlorophyll depends greatly on the environment of the chlorop~1yll molecules. In acetone the: photo-oxidation rate is thirty five to forty-fold faster than it is in ether or in acetone in the presence of excess E-benzoquinone. Despite these lnrge differences in photo-oxidation rates the visible absorption spectra of reaction mixtures all show isosbestic points and -the wavelengths of the points are barely affected by these environmental changes. The significance of the isosbestic points in the spectra of the reaction mixtures is twofold: first, the photo-oxidation does not involve any appreciable amounts of long-lived intermediate spociesj and secondly, the products of the photoreaction must be formed in a fixed ratio throughout the reaction. Further, since the positions of the isosbestic points arẽ lmost the same in acetone in the presence or absence of excess E-benzoquinone or in ether, the mechanism of the photo-oxidation is most prob~bly the same under these three conditions. Thus, although the rate of photo- tr.irdly, the occurrence of isosbestic points in the absorption spectra of these reaction mixtures and the similarity of the wavelengths of the points from the different quinone oxidations suggest that the mechanism and the oxidation products are the same for all the reactions.
/i
The most probable mechanism for the d0~~ydrogenation is that proposed is discussed below all points to it beinG 2-desvinyl-2-acetyl-chlorop:1yll E.l I which is the structure proposed by these workers.
The mode of preparation of the pigment indicates it is a dehyJro;."onation product of bacteriochlorophyll. This evidence, combined with the visible absorption spectrum, vJmch is very similar to 2-desvinyl-2-forn;yl- 20 chlorophyll~, suggests that the oxidized bacterioclliorophyll is a cluorin and most probably a simple derivative of chlorophyll a. Of the two chlorine that could be formed, the data suggests that the one involving dehydrOGenation of the 3,4 bond of bacteriochlorophyll is the most likely.
The magnesium-free derivative of the oxidized pigment has a spectrum 20 similar to 2-desvinyl-2-formyl-pheophytin~, but more important, the spectrum is almost identical to that of 2-desvinyl-2-acetyl-pheophoroide 12 a (Table III) . It is well~~ovmthat the phytyl chain of chlorophyll pigments has lit~le effect on the absorption spectra of the pi~mcntsi thus it is not unreasonable to expect that 2-dcsvinyl-2-acetyl-pheophytin a would have a visible absorption spectrum almost identical to 2-dcsvinyl-2-acctyl-phcophorbide~, and further that the pheophytin of the Green pigment is probably 2-desvinyl-2-acetyl-pheophytin~.
Confirmation that the green oxidized bacteriochlorophyll is 2~dc3vinyl- The five sharp bands between 235 and 190 cps cannot be assigned unCl~bi~ously, but each is clearly equivalent and corresponds to one of the five lowfield methyl sin~lets expected from the compound 2-dcsvinyl-2 acetyl-chlorophyll~.
In conclusion, the major green oxidation product of bacteriochlorophyll is 2-desvinyl-2-acetyl-chlorophyll~, the structure proposed for the compound by Holt and Jacobs. 5 The biological importance of tr~s pigment as a logical biosynthetic precursor for bacteriochlorophyll remains doubtful, since acetone extracts of R. rubrum bacteria when chromatoeraphed in the dark show no sign of any green piGffient,21 perhaps the concentration is too low for detection by this method (less than (V 15~of the concentration of bacteriochlorophyll). Furthermore, it is unlikely that this pigment i7 the s~~e as the one reported by Gould~al., for although the absorption spcctr~are similar they are not identical, and the visible spectrum of the magnesium-free derivative and the~~R spectrum in acetone 22~r •.. . .
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